Text S1 Three isotherm equations
The Langmuir isotherm was originally proposed to describe the adsorption of gas molecules onto metal surfaces. The model assumes uniform energy of the adsorption onto the surface and no migration of the adsorbate in the plane of the surface. It is expressed as
where qe is the amount of pollutant adsorbed at equilibrium (mg/g) and Ce is the adsorbate concentration at equilibrium in aqueous solution (mg/L). The Langmuir isotherm parameters are qm and KL. The capacity of the adsorbent can be evaluated by qm, and the parameter KL includes various physical constants.
The Freundlich isotherm describes heterogeneous systems as the surfaces with nonenergetically equivalent sites. The equation can be written as follows: where Kf is the Freundlich constant, which is indicative of the extent of adsorption, and 1/n is the heterogeneity factor, an indicator of adsorption effectiveness. Another useful equation is the Langmuir-Freundlich isotherm, which is based on the generalized Langmuir and generalized exponential isotherms and is the most promising extension of the Langmuir and Freundlich isotherms. It is expressed as
where qm is the maximum adsorption (mg/g), Klf is the Langmuir-Freundlich constant, and v is the Langmuir-Freundlich heterogeneity constant. The Langmuir-Freundlich isotherm is essentially the Freundlich isotherm approaching a maximum at high concentrations. 
